This paper tests for the existence of a Poverty Nutrition Trap (PNT) in the case of the nutrient most likely to have productivity impacts, i.e., calories, for three categories of wages -sowing, harvesting, and other -and for male and female workers separately. We use household level national data for rural India for the period January to June 1994. We use robust sample selection procedures due to Tobit methods and due to Heckman to arrive at consistent estimates. It is discovered that the PNT exists for women workers engaged in harvesting and sowing in the case of the Heckman methodology. In the case of the Tobit analysis a PNT exists in the case of female harvest, male other, and female other categories of wages. The effect of nutritional intake on labour productivity and wage rates has been an important area for research for economists and nutritionists for some time. This found initial expression in the form of the efficiency wage hypothesis developed by Leibenstein (1957) and Mazumdar (1959) and formalized and extended by Mirrlees (1975) , Dasgupta and Ray (1986 ), and Dasgupta (1993 , among others. Early surveys include Stern (1978a, 1978b) and Binswanger and Rosenzweig (1984) . The efficiency wage hypothesis postulated that in developing countries, particularly at low levels of nutrition, workers are physically incapable of doing hard manual labour. Hence their productivity is low which then implies that they get low wages, have low purchasing power and, therefore, low levels of nutrition, completing a vicious cycle of deprivation. These workers are unable to save very much so their assets -both physical and human -are minimal. This reduces their chances of escaping the poverty-nutrition trap (henceforth PNT).
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The effect of nutritional intake on labour productivity and wage rates has been an important area for research for economists and nutritionists for some time. This found initial expression in the form of the efficiency wage hypothesis developed by Leibenstein (1957) and Mazumdar (1959) and formalized and extended by Mirrlees (1975) , Dasgupta and Ray (1986, 1987) , and Dasgupta (1993) , among others. Early surveys include Stern (1978a, 1978b) and Binswanger and Rosenzweig (1984) . The efficiency wage hypothesis postulated that in developing countries, particularly at low levels of nutrition, workers are physically incapable of doing hard manual labour. Hence their productivity is low which then implies that they get low wages, have low purchasing power and, therefore, low levels of nutrition, completing a vicious cycle of deprivation. These workers are unable to save very much so their assets -both physical and human -are minimal. This reduces their chances of escaping the poverty-nutrition trap (henceforth PNT).
2 Barrett and Swallow (2006) present a theoretical argument in support of the PNT emerging as the result of the existence of multiple dynamic equilibria. 3 There is a substantial literature on empirically testing for the existence of PNT.
4 Strauss (1986) models the effect of nutrition on farm productivity. He tests and quantifies the effects of nutritional status as measured by annual calorie intake on annual farm production and, hence, labour productivity using farm household level data from Sierra Leone. He finds significant and sizable effect of calorie intake on farm output, even after accounting for endogeneity. These effects are stronger at lower levels of calorie intake with this being determined through the presence of nonlinear terms. Thomas and Strauss (1997) investigate the impact of four indicators of health (height, body mass index, per capita calorie intake and per capita protein intake) on wages of urban workers in urban Brazil. They discover that even after accounting for endogeneity issues and controlling for education and other dimensions of health, these four indicators have significant positive effects on wages. The effect of the nutritional variables -per capita calorie intake and per capita protein intakewas higher at low levels of nutrition, again determined through non-linear terms. In contrast Deolalikar (1988) finds in a (panel fixed effects) joint regression of the wage equation and farm production in rural South India that calorie intake does not affect either but a measure of weight-for-height does. He concludes that calorie intake does not affect wages or productivity indicating that the human body can adapt to short-run shortfalls in calorie intake. However, the fact that weight-for-height affects wages and productivity indicates that chronic undernutrition is an important determinant of productivity and wages. provide empirical support for the dynamic multiple equilibrium analysis of PNT (along the lines of Barrett and Swallow 2006) in the case of Kenya and Madagascar.
The contribution of the present paper is as follows. We test for the existence of a PNT in the case of the nutrient most likely to have productivity impacts, i.e., calories, 5 for each category of wages -sowing, harvesting, and other -and for male and female workers separately. We use robust sample selection procedures to arrive at consistent estimates. It is discovered that the PNT exists in a number of cases.
The plan of this paper is as follows. We first motivate the analysis of PNT and then discuss the data and present the estimation methodology. Finally we discuss the results of the estimation and offer some concluding remarks.
Nutrition Poverty Traps
In Figure 1 , a stylised version of the relationship between work capacity and nutrition is given. 6 The vertical axis represents a measure of work capacity and the horizontal axis income. Note first that work capacity is a measure of the tasks that an individual can perform during a period, say, the number of bushels of wheat that he can harvest during a day. Income is used synonymously with nutrition in the sense that all income is converted into nutrition. Nothing of importance changes if 70 or 80 per cent of income share is spent on nutrition. 
Figure 2 here
At a piece rate of v 3 there is a gap in labour supply and a discontinuous jump.
Introducing a downward sloping demand curve, an interesting case is that in which the demand curve passes through the dotted supply curve. If the piece rate is larger than v * , there is excess supply, which lowers this rate. On the other hand, if the piece rate is lower than v * , there is excess demand, so that wages rise. Note, however, that a piece rate of v * is an equilibrium wage, provided we allow for unemployment.
Figure 3 here
Having some people work and restricting labour market access to others could fill the gap in labour supply. Those rationed out will be relatively undernourished.
This completes the vicious cycle of poverty. Lack of labour market opportunities results in low wages and consequently low work capacity; a low work capacity feeds back by lowering access to labour markets. It is easy to show that higher non-labour assets (e.g. land) lead to higher wage incomes. Thus the poor without assets are doubly disadvantaged: not only do they not enjoy non-labour income but also have restricted access to labour market opportunities.
Note that nutritional status depends on both current consumption of nutrients (e.g. calories) and the history of that consumption. In the analysis that follows, we focus on the effects of differences in calorie intake.
7
The essence of an empirical test for the PNT Hypothesis 8 is the specification of a wage equation conditional on energy intake and control variables as:
where w h and 'calorie' represents the wage and calorie intake of the h th individual.
p i is the probability of being occupied in the ith occupation with i =1 indicating employment in agriculture, i=2 employment in non-agriculture, i=3 self employment and i = 4 other employment. This set of variables controls for labour market participation. 'X' represents control variables such as prices of various food products, income of the household from the non-agricultural sector, some household characteristics as well as some regional dummies. The probabilities are taken as the control variables to incorporate the impact of labour market participation on wage rate. It is thus argued that the wage rate of the worker depends on his nutrition proxied by his energy intake, which in turn depends on his wages. Hence the wage rate and nutritional intake are both endogenous in this model.
Data and Methodology
The data used in this paper comes from the National Council for Applied Economic
Research (NCAER). This data were collected through a multi-purpose household survey spread over six months, from January to June 1994. The data were collected using varied reference periods based on some conventional rules. The wage data used are that for harvesting, sowing and other occupations for male and female workers separately.
Any empirical strategy to estimate the PNT must deal with the mutual endogeneity of wage and nutrition. In the literature two standard approaches to doing this have been followed. The first predicts the probabilities of labour market participation from a Maximum Likelihood Multinomial Logistic Regression (multi-logit) model (discussed next) and then uses these in as determinants of the wage in an appropriately specified Tobit model of the PNT. The second method uses the wellknown Heckman self selection procedure.
Tobit Methodology
The predicted probabilities of participating in the labour market are calculated from a regression equation that models labour market participation and used subsequently in sample selection methods discussed next. In the Tobit analysis the number of hours worked by an Agricultural labourer (AL) is a censored variable. The data is observed only for the individuals who actually work and not for the individuals who are willing to work but are unable to find employment. 9 The efficiency wage hypothesis argues that, starting from a low base, the higher the nutritional intake of an individual the higher the probability that he/she would be employed, ceteris paribus. Given the low nutritional attainment of individuals in the sample it is no surprise that there are many households with unemployed individuals.
Hence there exist many zeroes in a random sample of wages of rural individuals. Our motivation for the analysis is to investigate the linkages of nutrition and wage rate for the whole sample rather than the sample comprising individuals who are employed.
The conventional regression methods fail to account for the qualitative difference between limit (zero) observations and non-limit (continuous) observations. [ ]
where the first two terms constitute the first part of the likelihood function and the third is the second part.
ASARC Working Paper 2006/02
The Tobit model has some notable limitations (Greene 2003, Smith and Brame 2003) .
The first limitation is that in the Tobit model the same set of variables and coefficients determine both the probability that an observation will be censored and the value of the dependent variable. Second, the Tobit analysis is not based on a full theoretical explanation of why the observations that are censored are censored. These limitations can be remedied by replacing the Tobit model with a sample selection model.
Sample selection models address these shortcomings by modifying the likelihood function. First, a different set of variables and coefficients determine the probability of censoring and the value of the dependent variable given that it is observed. These variables may overlap, to a point, or may be completely different. Second, sample selection models allow for greater theoretical development because the observations are said to be censored by some other variable, which we call Z. This allows us to take account of the censoring process, as we will see, because selection and outcome are not independent. A popular empirical strategy to pursue this is the Heckman procedure which we now discuss.
The Heckman Procedure
The problem of sample selection arises when the data in the survey is incidentally truncated or non-randomly selected. Our model determining wage nutrition relationship contains following main regression equation:
where Y i is the wage rate and X i is a vector comprising the nutrition and other household characteristics. The model may imply a wage rate for all the individuals but we observe it only for those who are actually employed. Hence the model is truncated as the sample is selected on the basis of wages (in the agricultural sector).
Formally, the wages are observed only if:
where W i are independent variables that contribute to the employment probability of an individual. W i may or may not overlap with the X i . In our case it does.
Equation (4) is called the selection equation. The sample rule thus becomes that Y i * (the wage rate) is observed only when Z i *> 0 (or the person under consideration is employed in agricultural sector). We now discuss the estimation issues related to the observations in our sample (based on the above rule).
A simple OLS regression of the observed data produces inconsistent estimates of β essentially because of omitted variables. Moreover, the disturbance term is heteroscedastic so that the estimates will be inefficient.
Marginal Effects
The marginal effect of the regressors on Y i has two components: direct effect on mean of Y i , which is β, and the indirect effect through the regressor which is present in X i .
The problem of sample selection can lead the marginal effects to be overstated for the observed category (for which Z i * > 0) and understated for the other category. For example, suppose that nutrition affects both the probability of working in agricultural sector and wage rate in either sectors (agricultural sector or non-agricultural sector). If we assume that the wages of the agricultural labourers (AL) is higher than that of otherwise identical non agricultural labourers (NAL), the marginal effects of nutrition has two parts: one due to its influence in increasing the probability of the individuals entering agricultural sector and the other due to its influence on wage rate within the group. Hence the coefficient on nutrition in the regression overstates the marginal effect of the nutrition of AL and understates it for the NAL. In the opposite case it would understate the marginal effect.
Heckman suggested a two step procedure for estimating the above model. The model is first reformulated to a probit form. It should be noted that although the variable Z i * is not observed, one can infer its sign (for example whether an individual works in agricultural sector or not) but not the magnitude. Thus the model can be reformulated as follows:
Selection Mechanism and Regression Model:
Whence we can write the regression model as:
The parameters of the sample selection model can be estimated using Heckman's two step estimation procedure discussed next.
Heckman's two step procedure
Heckman's two step estimation procedure (Heckman 1976 (Heckman , 1979 involves the following steps:
• Step 1: Estimate the probit equation by maximum likelihood to obtain estimates of γ. are, respectively, the probability density function and the cumulative density function of a standard normal distribution.
• Step 2: Estimate β and ε λ ρσ β = by least squares regression of Y i on X i and .
∧ λ
This methodology allows consistent estimates of the individual parameters. In this paper we present Heckman estimates for the wages for which we have a PNT.
Results
We discover the existence of a Poverty Nutrition trap in two cases -female harvesting and female sowing using the Heckman methodology. With the Tobit methodology we found the PNT to hold in the case of Female Harvest, Male other, and Female other categories of wages.
Results for the existence of PNT for the Heckman model 10 are shown in Table 1 . Table 1 here.
In Table 2 we report on the nutritional requirement to break out of the PNT. From the regression equation we compute the nutritional requirement to break the PNT. Thus if we use the Heckman method for female harvest wage we discover that the minimum daily calorie requirement is 3264.08. From the data the minimum annual per capita expenditure that can attain this is Rs. 3011. This is much higher than the per capita poverty line for that year which was Rs 2484 per year. As a percentage of the poverty line this gap 11 is over 21 percent.
12 Table 2 here.
Conclusions
The possibility that when workers are acutely under-nourished they may not be able to exert sufficient effort so that their wages remain low which then leads to further 13 ASARC Working Paper 2006/02 poor nutritional outcomes has been known in the literature for almost fifty years now.
A number of authors have tried to empirically test for this existence of this trap but none has been able to establish unambiguously that this holds for a subset of the working population and not the whole. Further, the extant literature also has not been able to establish the existence of PNT by occupation.
This paper has attempted to quantify and formally test for the presence of PNT in rural India. It outlines a methodology that can identify the impact of energy consumption, protein and micronutrients on wage rates, even in the presence of mutual endogeneity.
This paper has an important policy implication in that it argues that if a minimum wage has to be set in agriculture it must be adequate to ensure that workers are not caught in the poverty-nutrition trap. The PNT is shown to exist for women using both Tobit and Heckman procedures whereas it exists for men only in the case of Tobit regression. These results then suggest a persistent gender bias in calorie undernutrition against women workers in rural India's labour markets. This is a matter of urgent policy concern. 
